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Efficient Operation of Wet Scrubbing System in 
Pollution Containment 


Working of wet scrubbers working depends on the type of gas contaminant 
ie. solid, liquid & odour, collection mechanisms and scrubbing liquid used. 
For gaseous contaminants, mass transfer is the mechanism that absorbs 
the gas into a liquid through creation of liquid films or droplets. Large 
surface area packing media, trays, fluidized beds and hydraulic or shear 
atomization techniques are mostly used to create the films and droplets 
necessary for mass transfer to occur. A chemical reagent scrubbing liquid 
is incorporated in many cases to enhance removal of contaminants by 
producing a stable salt by-product. The predominant mechanism used for 
particulate collection is impaction between the particle contained in the 
gas stream and liquid droplets. The liquid droplet encapsulates the particle 
into a larger size so both can be removed from the cleaned gas stream 
either centrifugally or by means of mist eliminator. The smaller the size of 
the particle the smaller the size of the droplet needed to collect the particle. 
Normally, a droplet no larger than 10 times the size of the particle must be 
used. The smaller the droplet the more energy it takes to create it either 
hydraulically or through gas shear effects. For hot gases scrubbing system 
has perfected a method to condense water vapour onto the particle to 
achieve a larger size agglomerated mass to increase removal efficiency at 
reduced energy cost. Hydrophobic particles are also hard to scrub wherein 
it is perfected chemical additions to the scrubbing liquid to overcome 

the problem. There are various control devices for controlling particulate 
contaminants however article covers only on the wet scrubbing system 

in detail. 
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fficient Operation of Wet area where they can be collected 
Scrubbing System in 


. . - Fabric Filters: The particulate laden 
Pollution Containment 


gas stream passes through a woven 
fabric that filters out the particulate 





Control Process and Devices 


PE Geaneus eauueant matter and allows the gas to pass 


Control Process through. 
- Adsorption: Passing a stream of Wet Scrubber 
effluent gas through a porous solid 
material (the adsorbent) contained A wet scrubber is an air pollution control 
in an adsorption pad. Types of device that removes Particulate Matter 
adsorbents: Activated carbon, alumina, | (PM) and acid gases from waste gas 
silica gel etc. streams of stationary point sources. The 


pollutants are removed primarily through 
- Absorption: Involves bringing 


pollutant gas in contact with a liquid 
absorbent (solvent) so that one or 
more constituents of the pollutant gas 
are removed, treated or modified. 


the impaction, diffusion, interception 
and/or absorption of the pollutant onto 
droplets of liquid. The liquid containing 
the pollutant is then collected for disposal. 
There are numerous types of wet 
- Types of absorbents: Aqueous scrubbers which remove both acid gas 
solutions of alkalis (Na+ and NH3) and = and PM. 2 
alkaline earth (Ca and Mg) 
Wet dust laden cum ammonia emissions 

Control Devices sources and their related emission species 


from NP/NPK /urea plants in Fertilizer are: 
« Wet Collectors: Wet collectors, or 


j « Reactor: ammonia, fluorides. 
scrubbers, remove particulate matter 


from gas streams by incorporating the - Ammoniator-granulator: ammonia, 
particles into liquid droplets directly on fluorides, particulates. 
contact. 


- Dryer: ammonia, fluorides, 

- Electrostatic Precipitators: particulates, combustion gases. 
Particulates moving through a region 
of high electrostatic potential tend 


to become charged and are then 
attracted to an oppositely charged - Product sizing and material transfer: 


« Cooler: ammonia, fluorides, 
particulates. 
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particulates. 
« Urea: Prilling tower 


Process Capture Mechanisms 


Particulates contact liquid droplets 

in wet scrubbers through several 
mechanisms. Impaction is the primary 
capture mechanism. When waste gas 
approaches a water droplet, it flows along 
streamlines around the droplet. Particles 
with sufficient inertial force maintain 

their forward trajectory and impact the 
droplet. Due to their mass, particles with 
diameters greater than 10 um are generally 
collected using impaction. Turbulent 

flow enhances capture by impaction. 
Particles dominated by fluid drag forces 
follow the streamlines of the waste gas. 
However, particles that pass sufficiently 
close to a water droplet are captured by 
interception, due to the surface tension 

of the water droplet. Particles of roughly 
1.0 to 0.1 um in diameter are subjected 

to interception. Increasing density of 
droplets in a spray increases interception. 
Very small-sized particles are subjected 
to Brownian motion, irregular motion 
caused by random collisions with gas 
molecules. These particles are captured by 
the water droplet as they diffuse through 
the waste gas. Collection due to diffusion 
is most significant for particles less than 
0.5 um in diameter. Capture mechanisms 
that are used less frequently include 


condensation and electrostatics scrubbing. 
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In condensation scrubbing, a gas stream 
is saturated with water vapour and the 
particle is captured when the water 
condenses on the particle. In electrostatic 
scrubbing, contact is enhanced by placing 
an electrostatic charge on the particle, 
droplet, or both. 


Control Devices for Particulate 
Contaminants 

These can be divided into five major 
groups: 

i. Gravitational settling chambers 

ii. Centrifugal collectors 


(a) Cyclones 
(b) Dynamic precipitators 


iii. Wet Collectors 

(a) Spray towers 

(b) Cyclonic Spray Towers 

(c) Dynamic Scrubbers 

(d) Tray towers 

(e) Venturi scrubbers 

(f) Dynawave Wet gas scrubber 


iv. Electrostatic precipitators 
v. Fabric Filters 


The article is focused on the wet collectors 
systems for particulate contaminants. 
Various features of different wet collector 
systems have been elaborated in 
subsequent paragraphs. 
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Wet Collectors 


Spray Tower 

The simplest type of scrubber is the 
spray tower. In a spray tower, particulate- 
laden air passes into a chamber where it 
contacts a liquid spray produced by spray 
nozzles. Towers can be placed in either 


vertical or horizontal waste gas flow paths. 


The liquid spray can be directed counter 
to, in the same direction or perpendicular 
to the gas flow. Figure: 1 shows an 
example of a vertical counter current 
spray chamber. The gas flow enters at the 
bottom of the tower and flows upward. 
Water sprays downward from nozzles 


92 mounted on the 2-6 walls of the tower 
Or mounted on an array at the tower 


center. Water droplets capture particles 
suspended in the gas flow through 
impaction, interception and diffusion. 
Droplets large enough to settle by gravity 





Fig 1. Spray Tower 
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collect at 3 the bottom of the chamber. 
Droplets that remain entrained in the gas 
stream are collected on a mist eliminator 
upstream of the nozzles. 


Spray towers rely primarily on particle 
collection by impaction; therefore, they 
have high collection efficiencies for coarse 
PM. Typical removal efficiencies for a spray 
tower can be as great as 90% for particles 
larger than 5 um. Removal efficiencies for 
particles from 3 to 5 um in diameter range 
from 60 to 80%. Below 3 um, removal 
efficiencies decline to less than 50%. 
Spray tower applications include control 
of PM emissions from grinding operations, 
pigment operations, and dust control in 
fertilizer plants. Spray towers can also be 
applied to control PM from asphalt plant 
aggregate dryers. Spray towers have lower 
capital costs than other wet scrubbers. 
Also, spray towers generally have lower 
power consumption and are not prone to 
fouling, so operating costs are also lower. 
Operating costs of spray towers increase 
for fine PM applications, because such 
systems require high liquid to gas ratios. 
Typical gas flow rates for spray towers are 
1 to 47 standard m3 /s. 


Cyclonic Spray Tower 

Cyclonic spray towers differ from spray 
tower designs in the manner waste gas 
stream flows through the chamber which 
is ina cyclonic motion. The cyclonic 
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motion is produced by positioning the gas 
inlet tangential to the wall of the scrubbing 
chamber or by placing turning vanes 
within the scrubbing chamber. The gas 
inlet is tapered so that the gas velocity 
increases as it enters the tower. The 
scrubbing liquid is sprayed from nozzles in 
a central pipe (tangential inlet) or from the 
top of the tower (turning vanes). Figure: 2 
shows a diagram of a cyclonic spray tower 
with a tangential inlet. Liquid droplets 
entrained in the gas stream experience a 
centrifugal force resulting from the rotating 
motion of the gas stream, causing them 

to migrate toward to the tower walls. The 
droplets impact on the tower wall and fall 
to the bottom of the tower. Droplets that 
remain entrained in the waste gas can be 
removed with a mist eliminator. Cyclonic 
spray towers have greater collection 
efficiencies than simple spray towers due 
to the greater relative velocity between the 
droplets and the waste gas in a cyclonic 
tower. Collection efficiencies for this 

type of scrubber are as high as 95% for 
particles greater than 5 um, and from 60% 
to 75% for submicron particles. Typical 
applications are for dust control in fertilizer 
plants are grinding operations. Gas flow 
rates range from 1 to 47 m3 /s and power 
input for a cyclonic scrubber is generally 

1 to 3.5 horsepower per 30 m3 /minute. 
Capital costs, operation and maintenance 
costs are slightly higher for cyclonic spray 
towers due to their more complex design. 
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Fig: 2 Cyclonic Spray Scrubber 


Dynamic Scrubber 

Dynamic scrubbers Figure: 3 are also 
known as mechanically-aided scrubbers 
or disintegrator scrubbers. This type of 
scrubber is similar to spray towers, but 
with the addition of a power driven rotor 
that shears the scrubbing liquid into 
finely dispersed droplets. The rotor can 
be located inside the tower or outside 

the tower, connected by a duct. A mist 
eliminator or cyclonic separator removes 
the liquid and captured PM. Most dynamic 
scrubber systems humidify the waste 

gas upstream of the rotor to reduce 
evaporation and particle deposition in the 
rotary area. 

Dynamic scrubbers efficiently remove 
fine PM, but the addition of a rotor to the 
scrubber system increases the maintence 


November 2020 


Chemical Engineering World 


es 


costs. Large PM abrades the rotors and 
the humid gas stream corrodes them. A 
pre-treatment device, such as a cyclone, 
often precedes a dynamic scrubber to 
remove large PM from the waste gas 
stream. Power consumption is also high 
for this type of scrubber, between 4 to 10 
kilowatts (kW) per 1000 acfm. Dynamic 
scrubbers generally can treat gas flow 
rates between 1,000 and 50,000 scfm. 
Collection efficiencies for dynamic 
scrubbers are similar to those for cyclonic 
spray towers. Capital and O&M costs are 
moderately higher than costs for simple 
spray towers due to the rotor. 5 


Tray Towers 

Tray tower scrubbers consist of a vertical 
tower with several perforated trays 
mounted horizontally in the tower Figure: 










Clean gas 


Cyclonic separator —_ 


~  Serubbing 
liquid inlet 


Dirty gas > 


Slurry 











Fig: 3 Dynamic Scrubber 
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4, Gas enters the tower at the bottom 
and travels upward through openings 

in the trays, while the scrubbing liquid 
flows from the top and across each tray. 
The gas mixes with the liquid flowing 
over the tray, providing more gas-liquid 
contact than in spray tower designs. 

The gas velocity prevents liquid from 
flowing down through the perforations 

in the tray. The impingement plates are 
continuously washed clean of collected 
particles by the flowing liquid. Tray towers 
are designed to provide access to each 
tray for cleaning and maintenance. Large 
PM can clog the perforations, therefore, 
some designs place impingement baffles 
upstream of each perforation to remove 
large PM prior to the waste gas entering 
the opening [6]. This type of tray tower 

is referred to as an impingement-plate 

or impactor scrubber. Tray towers do not 
effectively remove submicron particles, 
however, collection efficiencies of 97% 
are possible for particles larger than 5 um. 
Tray towers also effectively remove soluble 
gases. Therefore, they are useful when 
both particulate and gaseous pollutants 
are required to be removed. Typical 
applications include lime kilns, bagasse 
and bark boilers, and secondary metals 
industries. Gas flow rates for tray tower 
designs are generally between 1,000 to 
75,000 scfm. Liquid to gas ratios are low 
compared to spray towers and ventury 
scrubbers because the scrubbing liquid 


www.jasubhaimedia.com 


Chemical Engineering World FEATURES 


liquid is injected into the scrubber slightly 
upstream of the throat or directly into the 
throat section. The scrubbing liquid is 
atomized by the turbulence in the throat, 
improving gas-liquid contact. The gas- 
liquid mixture then decelerates as it moves 
through the diverging section, causing 
additional particle-droplet impacts and 
agglomeration of the droplets. The liquid 
droplets are then separated from the gas 
stream in an entrainment section, usually 
consisting of a cyclonic separator and 

mist eliminator. Ventury scrubbers are 
more expensive than spray tower, cyclonic, 
or tray tower scrubbers; but collection 
efficiencies for fine PM are higher. High 
gas velocities and turbulence in the 





Fig: 4 Tray Tower 


is essentially static. Capital and O&M 

costs of tray and impingement towers 

are moderately higher than simple spray = ae 
towers. 


Venturi Scrubber 
A venturi scrubber has a “converging- ‘ 
diverging” flow channel. In this type 

of system the cross-sectional area of VAN \s 
the channel decreases then increases (m= 
along the length of the channel. Figure 5 

presents a venturi scrubber. The narrowest 

area is referred to as the “throat” In the 





converging section, the decrease in 
area causes the waste gas velocity and 
turbulence to increase. The scrubbing Fig: 5 Ventury Scrubber 
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ventury throat result in high collection 
efficiencies, ranging from 70% to 99% for 
particles larger than 1 um in diameter and 
greater than 50% for submicron particles. 
Increasing the pressure drop in a ventury 
scrubber increases the efficiency, but the 
system's energy demand also increases 
leading to greater operational costs. 
Capital and O&M costs are moderately 
higher than costs for simple spray towers. 


There are three basic types of ventury 
scrubbers. The primary difference between 
the configurations is the energy required 
for scrubbing the waste gas and moving 
it through the unit. In a conventional 
ventury, an external device, typically an 
induced draft (ID) fan, transfers energy 

to the liquid-gas stream. The fan can be 
located either upstream or downstream 
of the ventury unit. The basic ventury 
scrubber design is very efficient at 
removing PM10 from both cost and 
performance perspective. In a “jet” or 
“educator” ventury, pressurized scrubbing 
liquid is injected into the throat. This 

type of ventury operates at low pressure 
drops, generally a few inches of water 
column. A jet ventury has lower collection 
efficiency for fine PM than a conventional 
ventury. A “high energy” ventury provides 
increased collection efficiency for fine 
and submicron PM. A high energy system 
utilizes a large ID fan to create a high 

gas side pressure drop, 75 cm of water 
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column or greater. This greatly increases 
the waste gas velocity prior to entering 
the throat and results in high collection 
efficiency. However, capital costs and 
electrical power requirements for high 
energy systems are much higher than a 
conventional ventury. Ventury systems 
can be installed on either horizontal or 
vertical waste gas flow paths. They can 
be purchased as packaged, skid mounted 
units or as field erected units. Materials 
of construction for system components 
include carbon steel, stainless steel, 
duplex alloys, FRP or lined steel. The waste 
gas properties determine which material 
is most appropriate for a given application. 
More than one type of material can be 
incorporated into a ventury system if 
necessary. 
The basic system components of a ventury 
scrubber are: 
« Liquid storage system and delivery 
system; 
« Liquid injection system; 
« Ventury throat section; 
« Collection chamber with a mist 
eliminator; 
- Waste liquid collection system and 
disposal; 
« Instrumentation and controls; and 
» Auxiliary equipment. 


The throat consists of the narrowest 
portion of the converging-diverging venturi 
section. This is where the velocity and 
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turbulence of the waste gas is greatest. 

In the throat, the waste gas shears the 
scrubbing liquid into a high density 
distribution of fine droplets. These droplets 
collect PM primarily through impaction. 
The waste gas and scrubbing liquid then 
pass into the diverging section where 

the velocity decreases, causing more 
impaction and liquid agglomeration. 
There are a number of different throat 
configurations Figure 6 that are 
commercially available, including fixed 
throat, variable throat, and variable annual 
throat, multiple throats and multiple 
stages. A fixed throat ventury is the 
simplest type of ventury. The throat section 
can be circular or rectangular, depending 
on the duct shape of the current waste gas 
system. Rectangular throats are generally 
limited to a width of approximately 10 inch 
due to mixing considerations. Circular 
fixed throats are typically used in high- 
pressure applications. A variable throat 
venturi changes the cross-sectional 

area of the throat through the use of 

an adjustable damper. There are many 
different damper designs including conical 
plugs, discs, and blades. The ventury 
throat area is increased or decreased by 
the dampers when the waste gas inlet 
conditions change. This allows the venturi 
to maintain the same throat velocity and, 
therefore, the same collection efficiency 
even with fluctuations in the waste 

gas flow conditions. A control system 
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can be incorporated into the variable 
throat device to automatically adjust 

to changes in the gas flow. Automatic 
throat adjustment is typically used where 
flow conditions vary widely and frequent 
adjustments are required. The complexity 
of a variable throat increases the capital 
and O&M costs of the ventury. A multiple 
throat venturi is a set of parallel venturys in 
one duct section. The throats are created 
by fixed length rods or flat plates located 
across the cross-section of the duct. The 
number of throats and width of the throats 
vary between designs. Most systems 
have throats on the order of 1 to 2 inches 
in width. The throats can be designed 

as fixed or variable. This type of design 
not only decreases the throat area but 
increases the wetted area of the venturi, 
resulting in higher collection efficiency. 
Multiple throat ventury systems work 
efficiently in low pressure applications. 


A multiple stage venturi is simply a series 
of venturi scrubbers. This type of scrubber 
system can have two basic forms. The 
first type is a set of venturi throats in 
series which share a common collection 
chamber and liquid injection system. The 
throats are comprised of sets of vanes or 
baffles within a duct section. The second 
type of multiple stage venturi places a set 
of stand-alone ventury scrubber systems 
in series, each with its own collection 
chamber and liquid injection system. 
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Fig: 6 Different throat configurations 


DynaWave Wet Gas Scrubber 

1. The key is the intimate mixing of the 
gas and scrubbing liquid in the Inlet 
Barrel. 


2. Gas enters at the top of the vessel and 
travels down the inlet barrel. 


3. Liquid is sprayed upward into the 
barrel, counter to the gas flow. The 
gas collides with the liquid to create a 
turbulent zone, the Froth Zone, where 
the gas/liquid interface is continuously 
and rapidly renewed. 


4, When the momentum of the gas and 
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Gas and liqud 
to entrainment 





liquid balances, the liquid 
reverses direction, and 
then falls to the base of 


Liquid spray nozzles 


the vessel. 


Damper biades 5. The gas, on exiting the 
inlet barrel, turns and 
moves vertically upward 
through the tower. The 
gas encounters a set of 
chevrons that removes 


remaining liquid droplets. 


6. After the chevron, the 
gas exits the tower. 


System Performance 
The parameters affecting 
the overall performance of 
a wet scrubber are: 
« Particle size distribution and loading 


The size distribution determines which 


Typical DynaWave 


Reverse Jet Scrubber 
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Fig: 7 DynaWave Reverse Jet scrubber 
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capture mechanism will dominate ie. 
impaction, interception or diffusion. 


Most wet scrubber designs rely almost « Droplet size 

exclusively on inertial impaction for There is an optimum droplet size for 

particulate collection. Particles smaller maximizing collection of PM. Smaller 
than 0.1 um are captured primarily droplets has a larger surface area to 

through diffusion mechanisms. volume ratio; therefore they capture 


more particles per volume of liquid 
injected. However, if the droplet size 


« Waste gas flow rate, temperature 
becomes too small, the momentum 


and humidit 
ue of the waste gas can be imparted 


to the droplets which decrease the 
relative velocity between the droplet 


The waste gas flow rate is the most 
important sizing parameter in a 


wet scrubber. The higher the waste and particles. Lower relative velocity 

gas flow rate, the larger the venturi results in lower collection efficiency. 

system and volume of scrubbing 

liquid required to treat the waste gas. » Residence time 

Wet scrubbers operate at lower gas Increasing the length of the throat 

flow rates than bag houses or ESPs and diverging section, increases 

because of the liquid injection. the contact time between the liquid 

and the PM suspended in the waste 

- Gas velocity and pressure drop gas. For high energy systems, it is 


recommended that the length of the 
diverging section of the throat to be at 
least 4 times the width of the throat in 
order to have sufficient contact time. 


Increasing the relative velocity 
between the gas and the liquid 
droplets increases the momentum 
of the particulate, allowing smaller 
particles to be collected by ; 
Capture Mechanisms 
impaction. 10 : ; 

The details of the capture mechanisms are 


given in Figure 8 and discussed below: 
« Liquid-to-gas (L/G) ratio 


Higher L/G ratio increases collection . Impaction is the primary capture 


mechanism. When waste gas 
across a given cross-section of the approaches a water droplet, it flows 


venturi is higher. along streamlines around the droplet. 


efficiency since the density of droplets 
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Figure:8 Capture Mechanism 


Particles with sufficient inertial force 
maintain their forward trajectory and 
impact the droplet. Due to their mass, 
particles with diameters greater than 
10 um are generally collected using 
impaction. Turbulent flow enhances 
capture by impaction. 


« Particles dominated by fluid drag 
forces follow the streamlines of the 
waste gas. However, particles that 
pass sufficiently close to a water 
droplet are captured by interception, 
capture due to the surface tension 
of the water droplet. Particles of 
roughly1.0 to 0.1 um in diameter are 
subject to interception. Increasing 
the density of droplets in a spray 
increases interception. 
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- Very small-sized particles are 
subject to Brownian motion, 
irregular motion caused by random 
collisions with gas molecules. These 
particles are captured by the water 
droplet as they diffuse through the 
waste gas. 


Collection efficiencies 

Collection efficiencies for wet scrubbers 
vary with the particle size distribution 

of the waste gas stream. In general, 
collection efficiency decreases as the PM 
size decreases. Collection efficiencies 
also vary with scrubber type. Collection 
efficiencies range from greater than 99% 
for ventury scrubbers to 40-60% (or lower) 
for simple spray towers. Improvements 

in wet scrubber designs have increased 
collection efficiencies in the sub-micron 
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range. Wet scrubber systems have some 
advantages over electrostatic precipitators 
(ESPs) and bag houses. Wet scrubbers 
are smaller andmore compact than bag 
houses or ESPs. They have lower capital 
cost and comparable operation and 
maintenance (O&M) costs. Wet scrubbers 
are particularly useful in the removal of PM 
with the following characteristics: 

« Sticky and/or hygroscopic materials 

(materials that readily absorb water); 


« Combustible, corrosive and explosive 
materials; 


« Particles which are difficult to remove 
in their dry form; 


- PM inthe presence of soluble 
gases; and 


- PM in waste gas streams with high 
moisture content. 


Wet scrubbers have numerous industrial 
applications including industrial boilers, 
incinerators, metals processing, chemical 
production, and asphalt production, 

and fertilizer production. The primary 
disadvantage of wet scrubbers is that 
increased collection efficiency comes at 
the cost of increased pressure drop across 
the control system. Another disadvantage 
is that they are limited to lower waste gas 
flow rates and temperatures than ESPs 

or bag houses. Current wet scrubber 
designs accommodate air flow rates over 
47 actual cubic meters per second (m3 /s) 
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and temperatures of up to 400°C. Another 
disadvantage is that they generate waste 
in the form of a sludge which requires 
treatment and/or disposal. Lastly, 
downstream corrosion or plume visibility 
problems can result unless the added 
moisture is removed from the gas stream. 


Conclusion 


The design of wet scrubbers or any air 
pollution control device depends on the 
industrial process conditions and the 
nature of the air pollutants involved. Inlet 
gas characteristics and dust properties 
(if particles are present) are of primary 
importance. Scrubbers can be designed to 101 
collect particulate matter and/or gaseous 
pollutants. The versatility of wet scrubbers 
allow them to be built in numerous 
configurations, all designed to provide 

good contact between the liquid and 

polluted gas stream. 

Wet scrubbers remove dust particles by 
capturing them in liquid droplets. The 
droplets are then collected, the liquid 
dissolving or absorbing the pollutant 

gases. Any droplets that are in the 

scrubber inlet gas must be separated from 
the outlet gas stream by means of another 
device referred to as a mist eliminator 

or entrainment separator (these terms 

are interchangeable). Also, the resultant 
scrubbing liquid must be treated prior to 

any ultimate discharge or being reused in 

the plant. 
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A wet scrubber’s ability to collect small 
particles is often directly proportional to 
the power input into the scrubber. Low 
energy devices such as spray towers 

are used to collect particles larger than 

5 micrometers. To obtain high efficiency 
removal of 1 micrometer (or less) particles 
generally requires high-energy devices 
such as venturi scrubbers or augmented 
devices such as condensation scrubbers. 
Additionally, a properly designed and 
operated entrainment separator or mist 
eliminator is important to achieve high 
removal efficiencies. The greater the 
number of liquid droplets that are not 
captured by the mist eliminator, the higher 
the potential emission levels. 

Wet scrubbers that remove gaseous 
pollutants are referred to as absorbers. 
Good gas-to-liquid contact is essential 

to obtain high removal efficiencies in 
absorbers. Various wet-scrubber designs 
are used to remove gaseous pollutants, 
with the packed tower and the plate tower 
being the most common. 

If the gas stream contains both particulate 
matter and gases, wet scrubbers are 
generally the only single air pollution 
control device that can remove both 
pollutants. Wet scrubbers can achieve high 
removal efficiencies for either particles or 
gases and, in some instances, can achieve 
high removal efficiency for both pollutants 
in the same system. However, in many 
cases, the best operating conditions for 
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particles collection are the poorest for gas 
removal. 


In general, obtaining high simultaneous 
gas and particulate removal efficiencies 
requires that one of them be easily 
collected (i.e., that the gases are very 
soluble in the liquid or that the particles 
are large and readily captured), or by the 
use of a scrubbing reagent. 
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